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ELECTRIC POWER STEERING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electric power 

steering apparatus for assisting the force required to 
turn the steering wheel of a vehicle. 

2. Description of the Related Art 
An electric power steering apparatus has been devel 

oped which uses a vehicle speed sensor to detect the 
traveling speed of the vehicle and a torque sensor to 
detect the steering torque applied at the steering wheel. 
In the electric power steering apparatus of this type, 
when the steering torque measured exceeds a predeter 
mined dead zone, a steering assistance motor is driven 
by a driving current of the magnitude determined ac 
cording to the detected steering torque and the detected 
vehicle speed, and the rotational force of the motor is 
used to provide power to assist the force required to 
steer the vehicle, thereby providing a comfortable steer 
ing feeling to the driver. The steering assistance is con 
trolled based on the operation by a control unit. One 
such electric power steering apparatus employs a dual 
controller system consisting of a ?rst and second con 
trol units to ensure the system safety against malfunc 
tions, such as runaway. of the controller. 
With the electric power steering apparatus with the 

dual controller system, the ?rst control unit serves to 
control a motor for providing an assistance force to 
steer the steering wheel by carrying out an operation to 
?nd a driving current value for the motor based on the 
detected torque and the detected vehicle speed. Such a 
control by the ?rst control unit for the steering assist 
ance tends to be executed after the ?rst control unit has 
effected a diagnosis such as a motor-lock detection, in 

' which the motor is put in motion independent from any 
input of the detected torque and vehicle speed, for an 
initial diagnosis of the operation of the system at the 
start of the ?rst control unit. 
On the other hand, the second control unit acts to 

detect abnormality of the ?rst control unit with proce 
dure steps of performing the same operation as the ?rst 
control unit, and comparing the result of the operation 
with that of the operation by the ?rst control unit in 
order to monitor inputs and outputs to and from the ?rst 
control unit. Such a detection of abnormality of the ?rst 
control unit by the second control unit is started con— 
currently with the start of operation of the ?rst control 
unit. ' 

This electric power steering apparatus is arranged 
such that if any abnormality is detected by the second 
control unit in the ?rst control unit, the second control 
unit will make a fail-safe control, i.e. by stopping the 
steering assistance motor in order to assure the safety of 
the system. 

In the conventional electric power steering appara 
tus, however, there is a risk of the second control unit 
taking erroneously as the abnormality of the ?rst con 
trol unit the rotation of the motor trially effected inde 
pendent from the input as the stage of the initial diagno 
sis as executed by the ?rst control unit, on the ground 
that the detection by the second control unit is started at 
the same time when the ?rst control unit starts its opera 
tion. 
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SUMMARY OF THE INVENTION 

A main object of the present invention is to provide 
an electric power steering apparatus provided with a 
dual controller system wherein any abnormality of a 
control unit to be monitored (?rst control unit) can be 
detected with certainty by a control unit operable as 
monitor (second control unit). _ 
The electric power steering apparatus has a ?rst con 

trol unit for performing a drive control for steering 
assistance over a steering assistance motor based on a 
detected steering torque and detected vehicle speed, a 
second control unit for detecting abnormality in the 
?rst control unit by monitoring inputs and outputs to 
and from the ?rst control unit, detection means for 
detecting the state where the drive control is performed 
by the ?rst control unit, and means for controlling the 
second control unit to detect abnormality in the ?rst 
control unit only when the detection means detects that 
the drive control is performed. The detection means is 
operative to judge whether a clutch for transmitting a 
driving force of the steering assistance motor is in en 
gagement or disengagement position, and to determine 
the ?rst control unit performing the drive control for 
steering assistance if detected the clutch in engagement 
position. 
The second control unit tends to detect abnormality 

in the ?rst control unit only when the drive control for 
steering assistance is in action. Thus, when the ?rst 
control unit conducts an initial diagnosis for the steering 
assistance motor by driving the motor independent 
from the inputs of the detected torque and detected 
vehicle speed by way of a drive control for the motor 
except for the drive control for steering assistance, the 
second control unit will never mistake for abnormal the 
operation of the ?rst control unit. 
The above and further objects and features of the 

invention will more fully be apparent from the follow 
ing detailed description with the accompanying draw 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the con?guration 
of an electric power steering apparatus according to the 
present invention, 

FIG. 2 is a flowchart showing a main routine of the 
abnormality monitoring control by the sub CPU (sec 
ond control unit) on the main CPU (?rst control unit), 
FIG. 3 is a ?owchart showing a subroutine for an 

input/output monitoring process in the sub CPU, and 
FIG. 4 is a ?owchart showing a subroutine for a 

watchdog monitoring process in the sub CPU. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described in detail with 
reference to the drawings showing the embodiments 
thereof. FIG. 1 is a block diagram showing the con?gu 
ration of the electric power steering apparatus in accor 
dance with the present invention. ' 

In the drawing, the numeral 1 designates a main CPU 
as a ?rst control unit for controlling steering assistance, 
the operational state of the main CPU 1 is monitored by 
a sub CPU 2. 
A constant power supply circuit 10 is a power source 

for the respective main CPU 1 and sub CPU 2. Except 
for the main CPU 1 and sub CPU 2, the constant power 
supply circuit 10 serves to apply its voltage to a ?rst 
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power on reset circuit 111 for subjecting the main CPU 
1 to power on reset, a second power on reset circuit 112 
for subjecting the sub CPU 2 to power on reset, and a 
overvoltage monitoring circuit 11 for monitoring 
whether an overvoltage has been impressed from the 
constant power supply circuit 10 to the main CPU 1 and 
sub CPU 2 respectively. If the voltage value of the 
constant power supply circuit 10 does not exceed a 
predetermined value, the overvoltage monitoring cir 
cuit 10 applies a high level logic signal to an AND gate 
12 for 3 inputted relay actuation so as to actuate a fail 
safe relay 90, while the circuit 10 applies a low level 
logic signal to the AND gate 12 when the voltage value 
of the constant power supply circuit 10 exceeds the 
predetermined value. 
The main CPU 1 applies to the sub CPU 2 a watch 

dog pulse signal through which the sub CPU 2 monitors 
the basic operation of the main CPU 1, and a reset signal 
for resetting the sub CPU 2, while the sub CPU 2 ap 
plies to the main CPU 1 a watchdog pulse signal 
through which the main CPU 1 monitors the basic oper 
ation of the sub CPU 2 and a reset signal for resetting 
the main CPU 1. Furthermore, the main CPU 1 sends 
the watchdog pulse signal to a ?rst watchdog timer 101 
in addition to the sub CPU 2, and the sub CPU 2 sends 
the watchdog pulse signal to a second watchdog timer 
102 in addition to the main CPU 1. 

Additionally. a torque detection signal obtained by 
amplifying through an ampli?er 30 a result of detection 
by a torque sensor 3 for detecting a steering torque of a 
steering wheel, and a vehicle speed detection signal by 
a vehicle speed sensor 4 for detecting the speed of a 
vehicle, are applied to the main CPU 1 and the sub CPU 
2. 

Based on the applied torque detection signal and 
vehicle speed detection signal, the main CPU 1 is opera 
tive to seek a driving current for driving a steering 
assistance motor 7 and the direction of rotation thereof 
according to a predetermined arithmetic operation, and 
then applies a PWM driving signal in response to the 
obtained driving current to a motor drive circuit 6. 
When the obtained rotational direction of the motor 7 is 
clockwise. the main CPU 1 applies a high logic signal to 
a ?rst AND gate 51 which then supplies a clockwise 
rotation signal to the motor driving circuit 6 to drive 
the motor 7 in clockwise direction. On the other hand, 
when the obtained rotational direction of the motor 7 is 
counterclockwise, the main CPU 1 applies a low logic 
signal to a second AND gate 52 which then supplies a 
counterclockwise rotation signal to the motor driving 
circuit 6 to drive the motor 7 in counterclockwise direc 
tion. 

The operation ofthe main CPU 1 involves applying a 
driving signal for urging a clutch 8 into engagement and 
disengagement modes to a clutch driving circuit 80 to 
drive the clutch 8 for effecting transmission ofa driving 
force of the motor 7, monitoring abnormality in the 
basic operation of the sub CPU 2 which will be de 
scribed afterwards, with reference to the watchdog 
pulse signal produced by the sub CPU 2, and applying 
a high signal to the AND gate 12 for relay actuation 
when power is delivered from the constant power sup 
ply circuit 10. 

Additional operation of the main CPU 1 involves 
actuating the motor 7 independent from any inputs of 
the detected torque and detected vehicle speed, at the 
very start of the operation of the main CPU 1 for the 
initial diagnosis of the operation of the system of the 
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4 
electric power steering apparatus. with the clutch 8 
retained in disengagement position. thereby making a 
motor lock detection, and then putting the clutch 8 in 
engagement position after the motor lock detection so 
that the drive control of the motor 7 may be performed 
as aforementioned. 
The clutch driving circuit 80 is connected with a 

clutch monitoring circuit 81 for monitoring the opera 
tion of the clutch 8 by detecting a terminal voltage (or 
driving current of the clutch 8) of the clutch 81. The 
clutch monitoring circuit 81 is adapted to judge 
whether the clutch is in engagement or disengagement 
position based on a value of this terminal voltage (or 
driving current), and to provide the judgment result for 
the sub CPU 2. 

If the judgment result given by the clutch monitoring 
circuit 81 represents that the clutch 8 is in engagement 
position, the sub CPU 2 determines a driving current for 
driving the motor 7 and the rotational direction thereof 
by the same arithmetic operation as in the main CPU 1 
and the motor 7 based on the torque detection signal 
and the vehicle speed detection signal given as above 
described to monitor abnormality in the control opera 
tion of the main CPU 1 which will be described after 
wards, as well as to monitor abnormalities of the main 
CPU 1 in its basic operation which will be described 
later on, with reference to the watchdog pulse signal 
produced by the main CPU 1, thereby to apply logic 
signals to the ?rst and second AND gates 51, 52 respec 
tively in accordance with such monitoring operations. 
Furthermore the sub CPU 2 applies a high signal to the 
AND gate 12 for relay actuation when power is deliv 
ered from the constant power supply circuit 10. 
With logic signals from both the main CPU 1 and sub 

CPU 2 being in a high level, the first AND gate 51 
applies a high clockwise signal to the motor driving 
circuit 6. With logic signals from both the main CPU 1 
and sub CPU 2 being in a high level, the second AND 
gate 52 applies a high counterclockwise signal to the 
motor driving circuit 6. 
The motor driving circuit 6 determines the rotational 

direction of the motor 7 based on the clockwise and 
counterclockwise signals so as to drive the motor 7 
based on the PWM driving signal from the main CPU 1. 
Ifthe logic signals from the ?rst and second AND gates 
51, 52 are low respectively, the motor driving circuit 6 
prohibits the drive of the motor 7. The driving current 
of the motor 7 is detected by a current detection circuit 
60, and the detection result is fed to the main CPU 1 and 
sub CPU 2. 
The motor driving circuit 6 and clutch driving circuit 

80 are supplied with power for their exciting purposes 
by a power source 9 via the fail-safe relay 90. An output 
signal from the AND gate 12 for relay actuation is 
delivered to the fail-safe relay 90. The output signal 
from the AND gate 12 for relay actuation becomes high 
when all the signals from the overvoltage monitoring 
circuit 11, main CPU 1 and sub CPU 2 have reached a 
high level, but becomes low otherwise. If an output 
signal of the AND gate 12 for relay actuation is ‘on a 
high level, the fail-safe relay 90 is turned on to apply 
power to the motor driving circuit 6 and clutch driving 
circuit 80, while if the output signal of the AND gate 
for relay actuation 12 is on a low level, the fail-safe relay 
90 is turned off to stop applying power to the motor 
driving circuit 6 and clutch driving circuit 80. 
The ?rst watchdog timer 101 is designed to measure 

the frequency of the watchdog pulse signal outputted 
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from the main CPU 1 in a predetermined cycle, and 
then to make an comparison between the resultant mea 
sured value of frequency and a preset reference value. If , 
these values are almost equal each other, an output 
signal of the ?rst watchdog timer 101, which is a high 
signal is applied to a third AND gate 53. The second 
watchdog timer 102 is designed to measure the fre 
quency of the watchdog pulse signal outputted from the 
sub CPU 2 in a predetermined cycle, and then to make 
an comparison between the measured value of fre 
quency and a preset reference value. If these values are 
almost equal each other, an output signal of the second 
watchdog timer 102, which is a high level, is applied to 
a fourth AND gate 54. 
The ?rst power on reset circuit 111 is intended to 

prevent any operational abnormality which may arise at 
the start of the main CPU 1 by resetting the main CPU 
1 in terms of its operation until the oscillator of the main 
CPU 1 starts a normal operation at the start of the main 
CPU 1. For a predetermined period of time after the 
voltage of the constant power supply circuit 10 has 
risen to a prescribed value, the ?rst power on reset 
circuit 111 outputs a low signal, and the low signal turns 
high after such a predetermined period of time, and then 
is applied to the third AND gate 53, The second power 
on reset circuit 112 is intended to prevent any opera 
tional abnormality which may arise at the start of the 
sub CPU 2 by resetting the sub CPU 2 in terms of its 
operation until the oscillator of the sub CPU 2 starts a 
normal operation at the start of the sub CPU 2. For a 
predetermined period of time after the voltage of the 
constant power supply circuit 10 has risen to a pre 
scribed value. the second power on reset circuit 112 
outputs a low signal, and the low signal turns high after 
such a predetermined period of time, and then is applied 
to the fourth AND gate 54. 
When the ?rst watchdog timer 101 and the ?rst 

power on reset circuit 111 generate high signals respec 
tively, the third AND gate 53 produces a high signal, 
but a low signal otherwise. Such a signal is transmitted 
to the reset terminal of the main CPU 1. The main CPU 
1 is reset for its operation if a low signal is fed to the 
reset terminal, namely when the main CPU 1 is put at 
the start state or when an abnormal watchdog pulse 
signal is outputted by the main CPU 1. 
When the second watchdog timer 102 and the second 

power on reset circuit 112 generate high signals respec 
tively, the fourth AND gate 54 produces a high signal, 
but a low signal otherwise. Such a signal is transmitted 
to the reset terminal of the sub CPU 2. The sub AND 
gate 2 is reset for its operation if a low signal is fed to the 
reset terminal, namely when the sub CPU 2 is put at the 
start state or when an abnormal watchdog pulse signal 
is outputted by the sub CPU 2. 

Next, the main CPU 1 and sub CPU 2 of the electric 
power steering apparatus will be described with refer 
ence to the respective abnormality monitoring proce 
dures. FIG. 2 is a flowchart showing a main routine of 
the abnormality monitoring control of the main CPU 1 
by the sub CPU 2. 
The sub CPU 2 executes an input/output monitoring 

process subroutine (Step 51) and a watchdog monitor 
ing process subroutine (Step S2) in sequence. 

First. the description will be made of the input/out 
put monitoring process subroutine (Step S1) in the sub 
CPU 2. The input/output monitoring process for the 
main CPU 1 by the sub CPU 2 involves performing the 
same arithmetic operation as in the steering assistance 
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6 
control by the main CPU 1, comparing this speci?c 
operation result and the operation result of a steering 
assistance control by the main CPU 1. and detecting 
abnormality in the main CPU 1 based on the compari 
son result. Parameters to be compared with each other 
consist of plural elements such as a driving current 
value of the motor 7 and rotational direction of the 
motor 7, but the input/output monitoring process will 
be explained with reference to the monitoring of the 
drivingcurrent value of the motor 7. 
FIG. 3 is a ?owchart showing what has been pro 

cessed in the input/output monitoring process subrou 
tine (Step S1) by the sub CPU 2. Firstly, judgment is 
made based on informations of the clutch submitted by 
the clutch monitoring circuit 81 of whether or not the 
clutch is in engagement position (Step S11), and pro 
cessings belonging to steps after Step S12 are made only 
if the clutch has been found to be in engagement posi 
tron. 

In Step S11, if the engaged clutch is monitored, the 
driving current value of the motor 7 is calculated by the 
same arithmetic operation as by the main CPU 1 (Step 
S12) and the difference between the calculated value of 
the driving current and the detected value of the driv 
ing current of the motor 7 is obtained (Step S13). 
Judgment is made whether or not the difference is not 

more than a predetermined ‘value (Step S14). If is 
judged not be more than the predetermined value, the 
main CPU 1 is considered as normally functioning, and 
high logic signals are applied to the ?rst and second 
AND gates 51, 52 to allow the motor 7 to start (Step 
S15). 
On the other hand, if the difference is judged to be 

more than the predetermined value, it is determined that 
there exists an abnormality in the operation of the main 
CPU 1, and then, low logic signals are applied to the 
?rst and second AND gates 51, 52, so that a fail-safe 
operation is made for prohibiting the driving of the 
motor 7 (Step S16), and the processing is returned to the 
main routine. 

Next, description will be made of the watchdog mon 
itoring process (Step S2) executed by the sub CPU 2 for 
the main CPU 1. FIG. 4 is a flowchart showing what 
has been processed by the watchdog monitoring pro 
cess subroutine as executed by the sub CPU 2 (Step S2). 
To begin with, judgement is made whether or not the 

edge (front or rear edge of a pulse) of the watchdog 
pulse signal from the main CPU 1 has come to appear 
(Step S21). If the appearance has been found, a value 
counted by a second cycle counter will be cleared (Step 
S22), followed by a counting made by a ?rst cycle 
counter of the cycle of appearance of the edge of the 
watchdog pulse signal (Step S23). 
Then, judgment is made whether or not the value 

counted by the ?rst cycle counter is not less than a 
predetermined value (Step S24). If the counted value 
has been judged as not less than the predetermined 
value at Step S24, the frequency of the watchdog pulse 
signal means to be a proper value, so that the main CPU 
1 with which the watchdog pulse signal has originated 
is considered as normal, thereby to clear the counted 
value fo the ?rst cycle counter (Step S25) before return 
ing 
On the other hand, if the counted value is judged as 

less than the predetermined value at Step 524, the fre 
quency of the watchdog pulse signal means to be too 
high, so that the main CPU 1 with which the watchdog 
pulse signal has originated is considered as abnormal, 
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and the processing advances to Step S28, where the 
fail-safe operation is executed as described afterwards. 

If no edge of the watchdog pulse signal has been 
detected. a counting of the cycle of non-appearance of 
the edge of the watchdog pulse signal carried out by the 
second cycle counter (Step S26). 
Then, judgment is made whether or not the counted 

value by the second cycle counter is not less than a 
predetermined value (Step S27). If the counted value is 
judged as less than the predetermined value at Step S27, 
the frequency of the watchdog pulse signal means to be 
a proper value, so that the main CPU 1 with which the 
watchdog pulse signal has originated is considered as 
normal before returning. 
On the other hand, if the counted value is judged as 

not less than the predetermined value, the frequency of 
the watchdog pulse signal means to be too low, so that 
the main CPU 1 with which the watchdog pulse signal 
has originated is considered as abnormal, and the pro 
cessing advances to Step S28. 
At Step S28, low logic signals are applied to the ?rst 

and second AND gates 51, 52 so as to prohibit the drive 
of the motor 7 for an execution of fail-safe operation 
before returning to the main routine. 
Though the main CPU 1 similarly performs a watch 

dog monitoring process for the sub CPU 2, its process 
ing contents are the same as those of sub CPU 2 as 
described above, of which further description will be 
omitted. 

In the input/output monitoring control by the sub 
CPU 2 as aforementioned, the execution of the monitor 
ing process is executed only on the basis of the judg 
ment that the clutch 8 is in engagement position (steer 
ing assistance is in action), so that at the time when the 
motor lock is detected at the start of the main CPU 1, 
the operation of the main CPU 1 will never mistakenly 
detected by the sub CPU 2 as abnormal. 
As above-described, in the electric power steering 

apparatus according to the present invention, execution 
by the second control unit (sub CPU 2) of detection of 
abnormality in the ?rst control unit (main CPU 1) is 
limited to the driving control taking place for the steer 
ing assistance by the ?rst control unit. Consequently, 
when the ?rst control unit performs an initial diagnosis 
by actuating the motor independent from input of the 
detected torque and detected vehicle speed as a motor 
drive control apart from the motor drive control for the 
steering assistance, the second control unit never 
wrongly identi?es the operation of the ?rst control unit 
as abnormal. This will ensure detection by the second 
control unit of abnormality in the ?rst dual controller 
system. 
As this invention may be embodied in several forms 

without departing from the spirit of essential character 
istics thereof, the present embodiment is therefore illus 
trative and not restrictive, since the scope of the inven 
tion is de?ned by the appended claims rather than by 
the description preceding them, and all changes that fall 
within metes and bounds of the claims, or equivalence 
of such metes and bounds thereof are therefore intended 
to be embraced by the claims. 
What is claimed is: 
1. An electric power steering apparatus, comprising: 
?rst control means for performing a drive control for 

steering assistance over a steering assistance motor 
for based on a detected steering torque and de 
tected vehicle speed; 
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second control means for detecting abnormality in 

said ?rst control means by monitoring inputs and 
outputs to and from said ?rst control means: 

detection means for detecting the state where the 
drive control for steering assistance is performed 
by said ?rst control means; and 

means for controlling said second control means so as 
to detect abnormality in said ?rst control means 
only when said detection means detects that the 
drive control for steering assistance is performed. 

2. An electric power steering apparatus as de?ned in 
claim 1, further comprising a clutch for transmitting a 
driving force of the steering assistance motor, wherein 
said detection means is adapted to detect the state 
where the drive control for steering assistance is per 
formed by said ?rst control means by judging whether 
the clutch for transmitting a driving force of the steer~ 
ing assistance motor is in engagement or disengagement 
position. 

3. An electric power steering apparatus as de?ned in 
claim 1, wherein said second control means compares a 
result of arithmetic operation for the drive control per 
formed by said ?rst control means over the steering 
assistance motor with a result of arithmetic operation 
for the drive control performed by said second control 
means over the steering assistance motor, thereby to 
detect abnormality in said ?rst control means based on 
the compared result. 

4. An electric power steering apparatus as de?ned in 
claim 3, wherein the results of arithmetic operation 
obtained by said ?rst and second control means are 
driving current values for the steering assistance motor. 

5. An electric power steering apparatus as de?ned in 
claim 1, wherein said second control means monitors 
the cycle of a watchdog pulse signal outputted by said 
?rst control means so as to detect abnormality in said 
?rst control means based on the monitored result. 

6. An electric power steering apparatus, comprising: 
means for detecting a steering torque applied at a 

steering wheel; 
means for detecting of the speed of a vehicle; 
a motor for providing a steering assistance force: 
?rst control means for performing a drive control for 

steering assistance over said motor based on the 
detected steering torque and detected vehicle 
speed; 

second control means for detecting abnormality in 
said ?rst control means by monitoring inputs and 
outputs to and from said ?rst control means; 

detection means for detecting the state where the 
drive control for steering assistance is performed 
by said ?rst control means; and 

means for controlling said second control means so as 
to detect abnormality in said ?rst control means 
only when said detection means detects that the 
drive control for steering assistance is performed. 

7. An electric power steering apparatus as de?ned in 
claim 6, further comprising a clutch for transmitting a 
driving force of said motor. 

8. An electric power steering apparatus as de?ned in 
claim 7, wherein said detection means judges whether 
said clutch is in engagement or disengagement position, 
and detects that the drive control for steering assistance 
is performed by said ?rst control means when the judge 
ment is made that said clutch is in engagement position. 

9. An electric power steering apparatus as de?ned in 
claim 8, wherein said detection means judges whether 
said clutch is in engagement or disengagement position 
based on a terminal voltage value or driving current 
value of said clutch. 

is ‘I it it * 


